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Description 

TECHNICAL FIELD OF THE INVENTION 

s [0001] The present Inventfon relates to the preparBtlon of tiieihylenediamlne (TEDA) by oontaotlng nltrogan-confain- 
ing oompounds with zeoiltee at elevated temperature. 

BACKQROUNP OF THE iNVENTION 

10 [0002] The synthesis of TEDA itom a variety of amine compounds using metallosiHcates ia well known In the art. 
[0003] U.8. 3.966,329 discloses a process fdr preparing TEDA from a number of amine compounds using untreated 
zeolite catBlyete with a SIO^ AJlfi^ (^'''^^^ alumina) ratio between 2 and 12. 

[0004] U.S. 4,804,758 discloses the preparation of TEDA from oertafn heterocyclic amines in the presence of boro- 
ellicate and/or iron silicate zeolites as cetatyete, 
t& [OOOS] U.8. 4.966.969 and 5.041.548 disclose the preparation of TEDA from amine oompounds using a catalyst 
comprising a crystalline metalioslllcate having a silica/metal oxide molar ratio of 12/1 or more» In particular, a metallo- 
slllcate crystallized Inlhe prasenca of an organic crystallizing agent 

[0006] EP 1 58 319 dlsclcses a method of preparing TEDA by contacting acyclic or heterocydio amines with untreated 
hlgh-sllka zeolite having a sill(^ to alumina ratio of at least 20 to 1. 
20 [0007] EP 382 055 discloses a process for synthesizing TEDA from ethylenediamlne and 0 to 200 mole% piperazine 
on aluminum, boron, gallium and/or iron slflcate zeolites. 

[OOOq EP 423 526 discloses the preparation of TEDA and piperazine from ethylenedlam^e^tar mixtures which 
is catalyzed by zaolitas or the pentasil type with weakened acidlly, i.e., which contain alkali metal ions or in which the 
aluminum of the zeolite skeleton has been isomorphously replaced by iron. 
^ [0009] EP 312 734 discloses that piperazine can be converted directly to TEDA In the presence of zeolites, preferably 
untreated zeolites having a pentasll» especially a Z8M-5, structure. 

[001 Q] EP 31 3 753 discloses the preparation of mixtures of TEDA and piperazine firom polyethylene polyemines and/ 

or ethanolamines using an untreated pentasil zeolite. 

[0O111 The toltowlng references disclose caustic treatment of zeolites: 
so [90iq U,8. 4,730,025 discloses a method for purfiying zeolitic materials comprising a plurality of solid crysteiline 

phases which uses the variation in solubiltty between the phase components comprising the materials. Impure zeolite 

la contacted with a caustic solution under oondHiona which dissolve at least one of the phases, and the resulting zeolitic 

nfiaterial is filtered and washed to produce a purified product Col S/ZSt atatea that It Is known In the art to expoee a 

zeolite to conditions of high alkalinity to effect a change. 
99 [0013] Uu. et at. U Chwn, Soo„ Ohem. Commun., 1986, p582) reports the treatment of ultra-stable zeolite Y with 

an aqueous solufbn of KOH where non-fremework Al was reinserted to the zeolite lattice upon treatment 

[0014] Dessau, et al. (Zeofffes, 1992, vol 12, p776} shows that treatment of Z8M-5 crystals with an aqueous base 

solutton resulted in partial dissolution of the sample with prefsrential removal of silica. 

<e SUMMARY OP THE INVENTION 

lOOiq The present inventiDn la directed to a praeesa for preparing TEDA by oontaotlng an amlne-oontalning com* 
pound with a pentaail-lype zeolite In the hydrogen (H+) ahd/or ammonium (NH4<f) form at elevated temperatures. The 
zeolite catalyst used in the process is one which has been treated with an aqueous caustic solution priorto Its eonverelon 
4S totheH4>orNH4*^torm. 

[001 6] Such ceustic treatment at least partially deactivate the external sites of the »olHe catalyst fdr acid catalyzed 
reactions and surprisingly improves the selectivity toward TSDA production. Some of the amine compounds typically 
used In making TEDA, such as ethyCenediamina (EDA), are very reaeGve on the external eitea of zieoUte catalysts giving 
undeslred products. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] As the starting material to be used In the process fior preparing TEDA, any amine compounds having, In the 
moleoulo, a moiety represented by the following generel formula can be uaed: 

56 

-)«;H2-CHa-N< 
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where X is oxygen or nitrogen. Typical examples of suitable amine compounds are ethanofamlnest Inotudlng otonoeth- 
enolamine» dlethanolamrne and triethanolamiAa; ethyteneamlnea* including ethylenedlamine, dfethyienetriamine and 
trlettiylenetetramind; piperazine and its derivatives N-hydroxyethylpiperazlna end N-aminoaihytpiperazIne; morphollne 
and ot)v!gusly mixtures of the foregoing. 

s [0019] The crystalline metaOosRicale (zeolite), which Is used as the catalyst in the proceaa, has a crystal skeleton 
mainly comprised cyf silicon dioxide (silica; SiO^) and aluminum oxide (alumina; fl^z^zh (^^'de or boron oxide. 
Alumina is the preferred metal oxide. The sUicaAnetal oxide molar ratio Is 12:1 or mora, preferably 25:1 to 1000:1 , and 
more preferably 50:1 to 500:1 . If the slllca/metal ox(de molar ratio is less than 12:1 , the yield of TEDA is undesirably tow. 
[Odd] There are no special limitations to the orystailine aluminosilicate that Is used as long as it satisfies the above 

10 silica/alumina molar ratio, has a main pore made of a ten-membered ring of oxygen and belongs to members of the 
pentasil-type structure, ZSM-S zeolite being most preferred. 

[QO20] The preparation of suitable pentasll zeolite catalysts Is welt known to those skilled in the art as illustrated by 
the previously cited patents and literature ref^r\ces. In addition* suitable pentasQ ^iKes are commercially available 
from many sources such as Degussa AG and CU Chemie Uetikon AG. 
13 [0021] Crystalline aluminosilicates of the pentasll family as obtained by the hydrothermal synthesis using an organic 
cryatallizing agent are particularly pref^ed. Among the pentasll typea, the zeolite structures Z8M-5, z$M-ll, ZSM- 
8p and ZSM^S/ZSM-n-intermedlates are preferred, especially ZSM-S. 

[002^ The zeolite catalysts are used in their hydrogen form (H^*) and/or their ammonium form (NH4-*') after having 
undergone the aqueous caustic solution pretreaimsnt 

so [0029] For example, e pantasil-typd crystalline aluminosilicate can be prepared by the hydrothermal synthesis using 
a mixture composed mainly of a silica sourca, e.g., colloidal silica, silica gel. or silicic acid salts such as water glass, 
and an aluminum oxide source, e.g., the sulfuric acid salts, nitric add salts or oxy acM salts of alumina, such as 
aluminum sulfidte and sodium aluminate, in the absence or preferably In the preaence of an organio crystaltizing agent, 
e^., amines such as tetraalkylammonlum halide having 2 to 5 carton atoms. 

25 [0024] Thane is also Kiwwn a method in which the hydrothermal synthesis Is performed in the presance of alkali 
metal compounds such as the hydroxides and haiides of alkali metal such as sodium. The cryatalllne alumrnosOicatB 
obtained by these methods Is generally riot of the or h^i- form, but of the form that Ht and NH4'i' are replaced by 
quaternary ammonium Ion and/or alkali metal ion such as N»i-. Therefore, the crystalRne aiumlnoalllcate must ba 
changed into the or NH|+ form, and this exchange can be easily achieved by known melhoda after the aqueous 

30 caustic solution treatment 

[002q With regard to the caustic treatment, the prepared aluminosilicate is contacted, for example, with an aqueous 
0.1 to 5 molar caustic solutkm, such as sodium or potassium hydroxide or even ammonium hydroxide, at 0 to lOO^C 
for 0.01 to 100 ho^TB, preferably 0.5 to 3 molar caustic solution at 20 to 80*C forO.5 to 5 hours. It Is desirable to perfbnm 
such contact using 10 to aomL aqueous aolution/g zeoHte. 

99 (00263 For changing the alkali nietal ton of the caustic treated zeolite Into H-*- or NH4+, there is often employed a 
ma^od 'm which the alkali metal salHype Gfyatalllne aluminosilicate is treated with an aqueous aolution of ammonium 
aalta, auch as anvnonium nitrate and ammonium aulfate, to fbmi an ammonium aatt-type crystalline aluminosllicBte. 
The ammonium aalt-type cryatalllne alumlnosltlcaie may than be calcined in the air at a temperature of 900 to 000"C« 
preferably 400 to $00°C. to obtain the form cryataltkia zeolite. 

40 [00271 The caustic treated and then exchanged zeoRte as used in the present Invention Is of the H-^ and/or NH4'*' 
form. The M^* and/or niay be partially replaced by other cattons, such as alkali, alkaline earth, rvre earth, transition 
metals, oddes, as long as the object of the present invention can be obtained. 

[002q The cata^st of the present invention can be used in any de^red form, auch as powder, particles, strips, 
spheres arid pellets. The catalyst can be self-bound or moMed with a binder auch as silica, alumina, tltanla, circonid, 

45 natural clays and/or mixtures of these materials be mixed with the zeolite. Naturally occurring days which can be 
composited with the zeolite catalyst inckide the montmorilionite and kaolin family. These clays can be used in the raw 
state as originally mined or Initially subjected to cateinatlon, add treatment or chemical modification. 
IP02fl] Of all the matrix materials mentioned above, materials of low acidity such aa silica or ziroonte are preferred 
In that they prevent unwanted side reactfons engendered 1^ more active materials such as alumina. The parformanca 

so of alumina can, however, be Improved by altering Its add properties via chemical modifteation. 

[0030] The relative proportions of zeolite and matrix material can vary widely virfth the zeolite content ranging firom 
10 to 98 wt%, and more usualy In the range of 00 to 90 wt%, of the compostte, 

[00S1] In accordance with the process of the present inventton, the desired TEDA can be efficiently obteined by 
reacting amine compounde havSng in the moleoule a group repreaented by the general formula: 

59 

-X<;H2-CH2-N< 
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as the starting material using lha described zQOlHa catalyst under pressuras ranging from 0.001 to 200 aim <0.1 to 
20,000 kPa), preferably 0.01 to 10 atm (1 to 1000 kPa). 

[0032] The reaction of the amine compound proceede on oorrtacttng tl with the described zeolite catalyst under the 
above-specified pressure. Reaction conditiona, such a& reaction temperaturei reaction lime and etartlng materiala/ 
B catalyst ratio, cannot be determined uncondHionaBy because they vary with the type of amine oompound, the type of 
zeolite catalyst, reaction pressure. Usually the reaction temperature Is chosen within the range 100 to 4SO*0, preKrably 
300to400«C. 

[0033] The rea^lon can be performed batclvwise, aemi-continuously or continuously. In the case of the continuous 
reaction. WH8V (weight hourly apace velocity) Is not critical, but usually ranges from 0.01 to 10 hr^ The prefen^ 
10 WHSV is detanrkined depending on the lemperatore. For example, at dOO^C. WH8V is 0.02 to 2 hr^ and at SSO^C, it 
I3 0.1to5hri. 

[0O34] In the reaction of the amine oompound aa a starting material, it may be diluted with an inert gas such as 
hydrogen, nitrogen, ateam or hydrocarbons, or with an Inert solvent such as water and Inert hydrocarbons. By using 
these diluents, the reaction can be controlled appropriately. 

15 

EXAMPLE 1 

Preparation or HZ8M-S 

so [003q A 40 g NaZSIVt^ sample (obtained f^m Degussa AG Modul 180) was exchanged with 800 mL of 1.0 M 
aqueous NH4N03 eolutlon. The solid was filtered, washed with deionized water, and dried at 110*C to yield NH^-ZSM- 
& HZ8M-5 was obtained by calcination of the NH47SM-6 at SOO^C. Chemical Bnedysls showed that the HZSM-5 had 
a anica/alumina molar ratio of 160 and contained less than 0.01 wt% Na. 

25 EXAIMPLE2 

Preparation of Base^treated HZSM^S 

[Q03S] A 10 g NaZ8M-5 sample (obtained from Degussa AG, Modul 180) was stirred In 250 mL of 2.0 M NaOH 
30 solution at room temperature ror two hours. The solid was flllered, washed with detonlzed water and dried at 11 O^C. 
The base-treated sample waa then exchanged with 200 mL of 1.0 M aqueous NH4MO3 solution to obtain NH4-ZSM- 
a. HZ8M-3 was obtained by calcination of the NHi*Z8M^ at 500"C. Chemical analysis showed that the HZ8M-5 had 
a allica/alumtna molar ratio of 153 and contained less than 0>01 wt9& Na. 

[0037] The catalysts of Examples 1 and 2 were characterized by infrared epectroscopy. Excess hydroxyl g^ups 
(broad band centered at 3456 cm-^ in the spectrum) were present in the non-treated HZSM'^ material. These excess 
hydroxyl groups vi/ere suocessfUliy removed after base treatment as was evidenced by Ififrared spectrosoopy^ 

EXAMPLeS3AND4 
40 TEOA Syndesis 

[0038] Reactlona were carried out in a plug^fEow reactor at atmospheric pressure. Typtoallyi 1 00 (about 0.6 g) of 
catalyst partlotes of 1 8-36 meah were loaded Into the reactor. The reaotor was heated to 340"C under a flowof nHrsgen. 
Aqueous ethylenediamine (EDA) solution (26 wt%) waa fed to the reactor with a syrtnge pump at 0.6 mUhr. NOrogen 
^ gas was co-fed to the reactor at a mMmin. Example 3 used the unmodified HZ8M-5 catalyst from Example 1 whle 
Example 4 used the HZ8M-6 catalyst treated with sodium hydroxide from Example 2. The results (n Table 1 show that 
, base treatment not only Increased the TEDA yield on the H2SM-6 catalyst, but also prevented catalyst deactivation 
aa waa observed fOr nontreated HZ8M-5. 

so Table 1 





CatatyatNaOH 
Treatment 


Time on Btraam (hr) 


EDA Conveielon (%) 


TEDA Mdar Selectivity 
(%) 


Example 3 


No 


6 


96.0 


21.0 






21 


68.7 


22.9 


Example 4 


Yes 


6 


100 


66.3 
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T»bte1 (continued) 





Catalyst NaOH 
Trdalment 


time on Stream (hr) 


EDA Conversbn (%) 


TEDA Molar Selectivity 
{%) 






32 


100 


54.5 



Catalyst load j 0.6 g 

Peed composHlon I EDA/H^ (26/7$ wt%) 

Conditions j 340^0. 1 atm> N2 - 8 cc^mln 

INDUSTRIAL APPLICATION 

IS [0039] the present Invention provides an Improvenfiant In the production of TEDA from amine compounda using a 
zeolite catalyst 



2Q 



25 



QIatms 

1. A proc9S6 for preparing triat^lenddlamlne ty passing an amine compound having, In 1h$ molecute, a moiety 
represented by the fdiiowlng general fomiula 



*x<^CH2-CH2-N< 

where x Is oxygen or nitrogen, over a pentasil-typa zaolila with a silica/metal oxide molar ratio of 12 : 1 or more at 
a temperature In Ihe range of 1 00 to 450 °C, characteriaed fn that said process comprises employing a pentasil- 
type zeoBta in the hydrogen or ammonium fbrm which has been treated with an aqueous causlic eolgtion prior to 
30 Itft conversion to or NH4* form. 

2. The process of claim 1 1n which the caustic Is sodium or potassium hydroxide. 

3. The process of claim 2 which uses a 0-1 to 6 molar aqueous causttc solution. 

SB 

4. The process of claim 3 which uses 1 0 to 30 ml aqueous caustic solutlon/g zeoOte. 

& The process of claim 3 In which the ^aolita has a sillca/hietal oxide molar ratio of 25 : 1 to 1000 : 1. 

40 3i The process of claim 5 in which the zeolite ia a ZSM«,28M-6 or ZSM^II zeolite. 

r. A process aoconjfng to daim l.inwhIchthezeoliteisaZSM-Szeomelnthehydrogenorammoniumfbnifiandthe 
aqueous caustic solution Is a 0.1 to 5 molar aqusous sodium or potassium solufion. 

45 8. The process of da^ 7, In virhich the amine Compound Is seiactad from athanolamlne, an ethyleneamlne, a ptper^ 
azine or morphoHne. 

9f The process of claim 7 In which the amine compound is ethytenediamine. 

50 10. The process of claim 3 which uses 10 to 30 ml aqueous caustic solution/g zeolite. 

11. Tlie process of claim 7 In which the zeofte haa a ailiea/alumina moJar ratio of 25 : 1 to 1000 : 1. 

12. A process according to claim 1 1n which (he amine compound is selected f^om an athanolamlne, an athyisneamlne, 
6$ a piperazine or morpholine» the zeoQte is a ZSM-5 zeolite In the hydrogen or ammonium form having a sliica/ 

atuminamotarraneof25 : 1 to 1000 : 1 and the aqueauseaustte solution IsaO.I to 5 molar aqueous cauattcsoiution. 

13. The pmcaas of claim 12 fn which the zeolite has a sOlca/klumina molar ratio of 50 ; 1 to 600 : 1. 
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PatontansprQche 

1. Verfehren zur Hsrtteltung von Trfethylendiamln durch Leitan dliter Aminvertindung. die im MolekQt eine Kompo- 
nonto dar folgenden allgemeindn Formel umfasst 

s 

-x-CH2-CH2-N< 

In der X Sau«r$to|f Oder StickQtofP iat, Uber elnon Zeollthen vom Pentasiltyp mit elnem MotverhSltnls von Slllcium- 
fo dioxld zu MdtaltO}dd von 12 ! 1 Oder mehr ein^ Ibmperatur Im Bsreloh von 100 bis 4S0«C, dQdurch gekenn- 
zelohAOt, dds» das Verfar^ren den Einsalz eines ZeoHthen vom Pdnta»iltyp in d^ W^serstof^ oder Ammonium- 
form umfassti der vor$9iner Umwancflirng zur H*- oder NH4'^*Fomi mlt einer wftssrlgen AtzKtoung behandelt wurde. 

2. Verfohren naoh Anepruch 1 , bdi dem dia AtzlSsung NatrUim>* oder Kallumhydroxld 1st. 

19 

3. Verlahren nach Anepruch 2> das eine 0,1 bis 5-niotara wftssrlge Atzldsung verwendot. 

4. Vertehren nach Anspruch 3, das 10 bis 30 m! wSssrige Atzldsung pro Grsmm Zeollth vorwendat 

ZQ 8. Verfehren nach Anspruch 3. bei dem der ZeoKth ein Motverhdltnls von Silldumdioxjd zg Mat alloxid von 25 : 1 bis 
1000:1 hat 

6. Verfahren naoh Anspruch 5, bsl dem der Zeollth eln ZSM-5. ZSM-8 oder ZSM-11 Zeolith isL 

S8 7. Verfahren nach Anspnteh 1 , bei dem der ZeoGih eln zgm^ Zeolith in der vtf asaerstolf- oder Ammonlumform und 
die w£i8srlge Atzldsung «ln6 0.1 bis 5-moiai« wdssn'ga Natrium- odar Kaliuml6sung ist 

e. Verfahren nach Anspruch 7, bei dem die Amlnvaibindung aus Ethanolamin, einem Ethylenamin, einem Pfperazin 
Oder Morpholln ausgew&hlt Ist 

30 

0. Verfahren nach Anspruch 7, bei dem die Aminverblndung Ethylendiamin 1st 

10. Vbrfahren rfach Ansprvch 3, dem 10 bis 30 nU wSssrige Atzldsung pro Gramm Zeolith verwendet warden. 

as 11, Verfahren nach Anspruch 7, bei dem der Zeolith ein MolverhSltnls von SiOdumdloxld zu Alumlnlumoxid von 25 : 
Ibis 1000:1 hat. 

12. Vbrfeihren naoh Anspruch 1, bei dem die Aminverblndung aua einem Bthanolamin, einem ethylenamin. elnem 
Piperazln oder Morpholln susgewflhit Ist^ der Zeollth eln ZSM-5-Zeollth in der Wasssrstoff- Oder Ammoniumform 

40 mit einem Molverhdltnis von Slliciumdicxid zu Ahjminiumoxid von 25 : 1 bis 1 000 : 1 1st und die wdssrtge Atzldsung 
eine 0,1 - bis 5-molare wdssr^ Alzlfisung ist 

13. Verfahren nach Anspruch 12. bet dem der ZeoDlh eln IMolverhdltnls von Slllelumdiaixld zu Alumlnlumoxld von 50 : 
1 bis 500:1 hat 

46 

RevendteattQus 

1 » Preefid6 de prfiparation de tri6thylftnediamine seton on fiik passer une amine ayant dans la mol6cule un ftagment 
50 reprteentfi par la fbrmule g6n6rBle suivante 

-afi-CH2-CHrN( 



SB dans laqueile x est un atome d^gftna ou d'azota, sur une ztolite de type pantasil ayant un rapport molaire sllloe/ 
oxyde m6tallique d'au moins 12:1, d une tamp^tur^ comprise entre 100 et 450^C, oaraetArla^ en ca que tedrt 
proo^di oomprend I'utiiisation d'Une 2dolita da type pantasil sous la forma hydrogdne ou ammonium qui a M 
tr^e avee ime solution aqueusa dHina basa caustiqua avant sa conversion an forms ou NH4^ 
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2. Prooddd selon la revendicatlon 1. dans tequel la baas oaustique est fhydroxyde de sodium ou de potassium. 

3. Proo^d selon la revendlcallon 2, qui utilise une solution aqueuse dVine baso oaustique 0.1 d S M. 

6 4. Procdd6 selon la revendioallon 3, qui utilise 1 0 d 30 ml de solution aqueuse de base cauatique par g de z^olhe. 

S. Procdd^ selon la revandicaiion 3, dans lequel la z6oltte a un rapport molaire ailioe/oxyde mtolltque de 26:1 k 1 
000:1. 

» «. Proc6d6 selon la revendleafion 5, dans lequel la idolite est una ztollte Z8M-6. Z8M^ ou Z8M^11 . 

7. Proc^d^ selon la revendicatlon 1, dans lequel la zdollte est une z6oHEe Z&M-5 sous ia fomfie hydragdne ou am- 
monium, et la solution aqueuse de base oaustique est una solution aqueyse de sodium ou de potassium 0.1 ^ 5 M* 

19 8. Procddd selon la revendicatlon 7. dans laquelle i'amine est choisie parmi une 6thanolamlne, une 6thyldne-amine. 
una pip^ine ou une morphoine. 

9> Proc^dd selon la revendicatlon 7, dans lequeJ ramtne est I'dthyldnedlamlne. 

10. Proc6d£ selon la revendicatlon 3, qui utilise 10 & 30 ml de solution aqueuse de base caustique par g de zeolite. 

11. Precede selon la revendicatlon 7, dans lequel laz^tite a un rappon molaire aillce/alumine de 25:1 d 1 000;1. 

12. Proc^dd selon la revendicatlon 1, dans lequel famine est cholsle parml une ^ttianolaminei une dihyi&ne-amine, 
w una pip^razlna ou une morplioHne, la zeolite est une ztolite Z8M-5 sous la forme hydrog^ne ou ammonium ayant 

un rapport molaire aiiice/alumlne de 25:1 1 1 000:1 et la solution aqueuae de base oaustique eat une solution 
aqueuse de base oaustique 0.1 d s M. 

13. Procddd aelon la revendlcaHon 12. dans lequel la zeolite a un rapport molaire ailice/aiumlne de 50:1 d 900;1. 
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